THE sensation of vibration is the subjective experience of an individual when a series of rapidly repeated stimuli are applied to certain of his sensorend-organs, probably those of touch, pressure and passive movement, the sensation being recognized by him as a continuous tremor. The sensation is. evoked by applying a tuningfork to his skin, preferably just superficial to a bony prominence.
THE sensation of vibration is the subjective experience of an individual when a series of rapidly repeated stimuli are applied to certain of his sensorend-organs, probably those of touch, pressure and passive movement, the sensation being recognized by him as a continuous tremor. The sensation is. evoked by applying a tuningfork to his skin, preferably just superficial to a bony prominence.
The study of the sensation of vibration, although it involves no instrument or technique that could not have been available for hundreds of years, has only been developed within the last fifty years, and even today little advantage is taken by the clinician of the exact and quantitive method of examination of the vibratory sensation which is now available.
BRIEF SUMMARY OF PREVIOUS WORK
Rumpf 29 was probably the first to make an exact study of the sensation. After a few preliminary experiments he used a series of 14 tuningforks with rates of vibration varying from 13 to 1,000 per second. He believed that the sensation was confined to the skin and transmitted by cutaneous nerves. Later Treitel,34 using a fork of 128 vibrations per second, came to the conclusion that the sensation was distinct from pressure and touch, and that it arose in the soft tissues. He noticed the characteristic diminution of the sensation in tabes.
Gradenigo 14 developed a tuningfork, later much used in otological work, bearing the ' Gradenigo triangle.' A small triangle was impressed on the lateral side of the prong of a tuningfork, and appeared double, the one image overlapping the other, when the fork was struck. This overlap increased with diminution of amplitude of the prongs, and could be measured by a series of black lines, as seen under a magnifying glass. Egger 8 found that a tuningfork vibrating at a rate of 128 per second was the best felt, and that one of 2,048 per second was quite imperceptible. He called the sensation 'la sensibilite osseuse,' as he believed that it was perceived by end-organs in Dweitscheinko 7 noted that a thick layer of soft parts over the bone reduced sensibility. Rydel and Seiffer 30.came to the conclusion that the sensation was a function of deep sensibility and that all the superimposed tissues could take part in it. Sterling 3' stated that vibratory sensibility depended on the relative densities of the vibrating body and the tissues that carry the sensation.
Goldscheider 13 believed that vibratory sensation was not a special one, but the result of a peculiar stimulation of the end-organs responsible for pressure and touch. Knapp 19 found that a rate of 512 vibrations per second was the greatest rate normally perceptible. An instrument firm has recently been sending to medical men as an advertisement a small fork, of a vibration rate of 512 per second. Accordingly practitioners, if they bother to use the fork at all, will find the vibration sensation of many of their patients incorrectly reduced.
Minor,24 using the Gradenigo triangle, stated, among some other important facts, that (a) the continuity of the bone was not necessary for a normal appreciation of the sensation; (b) periostitis, caries and superficial thickenings of bone have no effect on the sensation; (c) the vibrations were felt on bare bones and on sequestra; (d) the vibration sensation was diminished when the peripheral nerves were injured.
These facts suggested that while the bone had an important role in appreciation of the sensation it was not the site of its reception.
Williamson,35 in a series of papers from 1905 to 1922, showed himself to be the foremost student of the sensation of vibration, with regard to its clinical application. He mentions its loss as one of the earliest signs of disease; its use in separating off pure diseases of the motor tracts; and that -the tuningfork may be used in mapping out the upper limit of spinal lesions. He lists a number of diseases in which there is no loss, others in which diminution is an early sign. He did not, however, use a quantitative method of measuring the sensation. He mentions that the tuningfork is occasionally of advantage in detecting hysteria and malingering. In hemianaesthesia, if the fork is felt on one side of the sternum and not on the other, the disease is probably ' functional,' as the whole sternum is made to vibrate. Stated otherwise, in a case of anaesthesia of a limb, should the vibration not be felt when the fork is applied to a bone in the ansesthetic area, but be felt when applied to the samne bone outside the anaesthetic area, the disease is likely to be hysterical. If the sensation of vibration is the only sensation to be diminished the disease is probably organic. In Rombergism the sensation is almost certain to be diminished if the disease is organic.
Bing 4 anesthetized the skin with various substances, and found that vibratory sensation was slightly diminished, and distinguished it from that of touch. Lewandowsky 20 and also Head 17 developed a method of testing the sensation which might be called the ' alternate displacement' or 'fatigue' method. The tuningfork is applied to a bone, say the right radius, and when the patient states that he can no longer feel the vibration a stop-watch is started and the tuningfork imimediately transferred to the radius of the other arm, when the sensation will again be felt. The time is then taken until the sensation ceases to be felt in the left radius. The tuningfork is struck again and reapplied, first to the left radius, then to the right. Any marked difference between the two readings was held to be pathological. There are, however, serious objections to this method which may be dealt with here.
(a) The vibratory sensibility of the two sides of the body is often different, some writers stating that the sensation on the right, others that the sensation on the left, is the more acute.
(b) When one side is known to be abnormal the normal side cannot be measured against it, and has to be measured against a different limb, i.e. arm against leg. Usually the leg has a smaller sensibility than the arm.
(c) No account is taken of the force with which the fork is struck, i.e.
its amplitude, for if the fork is started with a large amplitude its vibrationsi will last longer. (10, 7,10, 8-5 secs.).
(b) Fork at maximum amplitude, average of four trials 11-seconds (11, 11, 13-5, 10 5 sees.).
That is to say, with Head's method the tuningfork is felt longer if struck harder. Head did not take account quantitatively of the strength with which the fork was struck.
The main conclusions from Head's 17 work on the nature of the sensation have been generally recognized. The tuningfork stimulates two aspects of sensationi: (a) That of 'jarring contacts ' which are appreciated by the thalamus (vibration is perceived, but differently, when the thalamus is cut off from the cortex); (b) That of rapidly repeated movements of small range. These are similar to the perception of passive movements, and are appreciated by the cortex.
Head emphasized the close correlation between the sensation of vibration and appreciation of measured movement and posture, and remarked on the similaritv of their tracks in the cord. As no lesion above the thalamus can cause complete insensibility to vibration, except in neural shock, the test of the tuningfork is only useful as a sign of the integrity of the posterior columns. He points out that developmentally, in the lateral line of fish, sensations of posture and vibration are associated, and both sensations have a temporal and spatial factor, the former stressed most in vibration, the latter in posture.
Symns 32 developed what is undoubtedly the most useful advance in -the use of the tuningfork. He used a large A fork with a vibration rate of 108-75 per second (supplied by Messrs. Down Bros.). The feature of this fork is the presence between the prong tips of three interlapping plates of metal (see fig. 1 ). One of these plates, which fits in between the two on the other prong, bears two notches, which are invisible when the fork is at rest, but visible when it is struck fairly hard. The fork is struck and applied to the body just when the notch, or window, is about to disappear, and a stopwatch is started at the same time. When the patient states that he can no longer feel the sensation the watch is stopped and the time taken. This method ensures that the fork is always applied at a given amplitude, and results are quantitatively comparable with results from other parts of the body and results from other individuals. Unfortunately results are not necessarily comparable with different forks, for every worker since Symns, using a presumable identical fork made by the same firm, has agreed that Symns' results are far too high. The firm investigated that matter, and found that the discrepancy was probably due to differences in temper and weight of the prongs. To avoid this in future, all forks made by that firm are tested against a known normal member of its staff and its graph is delivered with every new fork. The results can be plotted on a graph.
Symns dealt with the results in diabetes, tabes and disseminated sclerosis (discussed farther on). In alcoholic neuritis the legs and arms were always affected, the sacrum sometimes. In plumbic neuritis the legs were commonly, the arms less commonly, involved. There w,as no loss in amyotrophic lateral sclerosis, paralysis agitans and progressive muscular atrophy. Among other general statements he declared that: (a) when vibration sensation over the sacrum is absent the cord is involved; (b) when present over the sacrum but absent over one other extremity the condition is a peripheral neuritis. Symns believed that the stimulus is carried through the skin and soft parts, and transmitted along the bones, but is felt in the soft tissues. A small tuningfork may not be felt over anaesthetized skin, when a larger one will be, i.e. both light touch and deep pressure are involved.
Wood, 37 using 100 normal cases, established a limit of normality, which cases are the basis of the published charts. He found the same sacral dip in tabetics that was emphasized by Symns, and remarked on the frequency with which patients, being treated as cases of gastric and duodenal ulcers, were later shown to be tabetics with gastric crises, as a result of routine 5 r 7 Q T 7 E T C P K A L testing with the tuningfork, followed up by examination of the cerebrospinal fluid. Piercy 27 followed up the work of Symns and Wood, and agreed with them in the main. In most cases of syphilis confined to the upper motor neurone no marked changes could be found, as would be expected, the vibratory test being a sign of integrity of the posterior columns. He remarked also on the changes in old age and chronic alcoholism. Ahrens 2 also worked out a series of 100 normal cases, and found the spread of his graphs to be slightly wider than those of Wood's ( fig 2) . (third order) traverse the posterior enid of the posterior limb of the internal capsule, pass into the corona radiata and end in the sensory cortex, which organizes and analyses the perceptions (fig 3) .
Epstein emphasizes the value of the fork in multiple neuritis due to lead, arsenic, etc., its use in hysteria and in diagnosing pure affections of the notor systems, such as progressive muscular atrophy.
McKinley 22 Gray,15 reasoning from the same objections as McKinley, has developed the most accurate method of testing the sensation of vibration. A magnetic coil is set between the prongs of the fork and the desired amplitude set up by varying the amperage of current running through the apparatus. The fork is not struck, but its vibrations sustained electrically. Obviously the greater the amplitude of the threshold stimulus, the less is the acuity of the sensation. The lowest constant amplitude felt by normal persons was 2-34 mm.
His work was confined to normal cases and to cases of pernicious anaemia. He noted the loss of acuity in pernicious anaTmia, and went into great detail in its distribution. He also noted the loss in old age. An interesting feature he revealed was that the threshold improved after repeated testing. The threshold value at one point on September 12, 1929 , was 0X22 mm., and on the same point seven months later 0-018 mm. On another point it was 0X549 mm. and 0X031 mm. respectively on the same two dates.
My criticisnm of Gray's method is that although it is scientifically accurate it is (a) far too cumbersome and lengthy for clinical use; (b) his thresholds for one point have a much larger spread than the equivalent thresholdfatigue-time method of Symns; (c) his method shows nothing clinically that cannot be shown by the Symns' fork; (d) if it is insisted that the threshold be approached from below and not from above, as in Symns' method, and the element of fatigue be eliminated, there can be devised a method of using the Symns fork that fulfils these criteria, and is no more involved.
AN ORIGINAL METHOD OF TESTING THE SENSATION OF VIBRATION
The ideal method of testing the sensation of vibration should (a) approach the threshold from below, (b) give the result in millimetres of amplitude of the fork, (c) not be so cumbersome that it cannot be used in routine examinations, and (d) eliminate the factor of fatigue.
Symns' method does not fulfil (a), (b), and (d); Gray's and McKinley's method, (c) .
If the fork as used by Symns be struck and the stop-watch started at a known amplitude, i.e. when the first window disappears, the amplitude decreases, with a decreasing rate which can be plotted against the time (fig. 4) . The fork is kept vibrating for, say, 30 seconds, and then, and not until then, applied to the bone. The patient is asked to state whether he can feel the vibrations or not. If he can, the process is repeated, increasing the length of time that the fork is held away from the bone until a time is reached when the vibrations cannot be felt. The previous reading, expressed in seconds, is the threshold value for that bone. Similarly, if at first the vibrations cannot be felt, the time is reduced until they can be. In practice, as the amplitude decreases with time, it is not necessary to change the latter were applied at a lower amplitude the delay would be much less. To lower the amplitude it would only be necessary to have a larger window made in the metal slot. The great advantage of the method is the clear-cut 'yes or no' reply required from the patient, who either feels the vibration or does not-very different from the hesitant replies often obtained from the most intelligent patients by the method of Symns, when he or she has to say when a slowly disappearing sensation becomes imperceptible.
In the case of, say, the right radius, the vibrations are only felt for 25 seconds, starting from a given amplitude, if the fork is continuously kept applied to the bone. The true threshold value for the sensation is, however, only reached after 40 seconds. The difference, 15 seconds, is loss due to fatigue, and perhaps slightly to an inability to appreciate a correct end point when the threshold is approached from above. There is unanimity among observers as to the route taken by the nervous impulse in the nervous system, and this was described before. Disagreement arises in the study of the site of reception of the stimulus.
Rumpf 29 believed that the sensation was confined to the skin. Treitel 3 thought that it was distinct from both pressure and touch, as opposed to Goldscheider,'3 who maintained this relationship. Egger 8 was the first to put forward the idea that the end-organs of the sensation lay in bone, periosteum, ligaments and capsules of bones and joints. Minor 24 in a reasoned paper showed that continuity of bone was not necessary for perfect reception of the stimulus; that periostitis, caries and superficial thickenings of the bone had little effect, and that the sensation could be felt on a dead sequestrum. All this pointed to the fact that the bone was probably not the site of reception. Bing 4 differentiated the sensation from that of touch by excluding the latter with local anmesthesia. Head 17 analysed the subjective sensation into the two factors of 'jarring contacts ' appreciated by the thalamus, and rapidly repeated movements of small rafnge, perceived by the cortex. He noted the relationship between the sensations of vibration and those of passive movement and posture. Symns 32 agrees. Tilney,33 Epstein 9 and Gray 15 believe that the sensation arises in bone.
A few facts should be noted. (a) The sensations from a small tuningfork of 518 vibrations per second may be abolished by local anaesthesia, and not those of a larger fork. (b) Disease and injury of bone, however, have very little effect on the distinctness and duration of the sensation. Three cases were investigated, and may be cited. In one, the affected femur was the site of extensive chondromatosis. In another there was decalcification with a suggestion of fibrocystic disease, and in the third the affected limb, due to disease-atrophy, was considerably shorter than the other. In each case the sensation in the affected limb was as good as in the normal, except in the third case where it was better.
Experiment 3.-The vibratory sensation was estimated on the skin of the posterior aspect of the middle of the thigh, and found to be 7 seconds. A plaster cast about 7 inches wide was then made to fit around the middle of the thigh, and the fork applied to it after it had set. The sensibility was slightly increased to 11 seconds. The fork was next applied to the condyles of the femur, and the time of reception of the stimulus was found to be still longer, i.e. 17 seconds.
Thus the bone, as a sounding-board in the middle of the soft tissues of the thigh, gives better results than the plaster-cast, a sounding-board applied to the tactile organs of the skin.
The sum of the evidence points to the fact that bone, because of its structure, distributes its vibrations to the deep tissues, i.e; muscles, tendons. joints, fascial planes, perhaps periosteum, where the main part of the sensation is perceived. The skin, to a less extent, takes part in its reception. Ten cases not suffering from disease of the nervous system were tested, not to set a standard of normality, but to check the tuningfork with the comprehensive series of normals already investigated by Wood 37 and Ahrens.2 The spread of the curves is certainly wider than that which Wood described as normal, but except for one case, fits in with that described as normal by Ahrens. This exception, in which the diminution of sensibility was slight, was a neurasthenic.
The compound graph ( fig. 6 ) shows clearly a feature that has been described by others, the tendency for the vibration sensation in the arms to *~~~~~~~~~~~~~---------. as it cani be quantitatively measured, and it is unlikely that the individual tested can have had much previous experience of the sensation, resulting in better discrimination.
FIG. 6.-Normal cases (10
Results show a considerable increase in the vibratory acuity in the blind. Of the five cases ( fig. 8) , two have high normal curves, two have curves distinctly above the normal, and the fifth has very high acuity in the limbs, but practically absent vibratory sensibility in the pelvis. On the whole in1 the five cascs the increase tends to be in the limbs and not in the pelvis. There is very little differenice betweeni the upper and lower extremities.
It should be noted that all the individuals selected were betweeni the ages of 21 and(i 41, healthy, and had been blind for more than 10 years, and Worster-Drought and Hill,3 however, come to a differenit conclusion, stating that there is a loss, worse with the severer forms of the disease, and on the more affected side. It appears, however, that although they used Symns' technique, they also accepted what Symns described as the normal. Since it has since been amply proven that Symns' results were too high, due to the mechanical features of the fork he used, their conclusions cannot be accepted. They give the mean graph from their cases in their paper, and it is seen that this falls enitirely within the normal as described by Wood and Ahrens (see fig. 2 ).
The compound graph ( fig. 10) 
THE SENSATION OF VIBRATION
It will be noted ( fig. 14) there is derangement at the sacrum in 14 cases, or 64 per cent. Sensation was never absent at the sternum. In the 55 cases of derangement at the points tested, 26 showed only diminution and not loss. It is important to note that without some quantitative technique this would probablv not have been noted.
According to Symns' theory two of the cases are pure peripheral neuritis, without cord involvement, and five cases show cord involvement without peripheral neuritis. This is hardly likely to be the true state of affairs, and it cannot be granted that absence of sensation of vibration at the sacrum is a sign of a cord lesion. Five further cases show a deficiency both in the limbs and in the pelvis. Twelve of the 25 cases, or 48 per cent., show changes that definitely point to a lesion of the nervous system, probably a peripheral neuritis, with a possibility of one or two cases having a cord lesion, probably subacute combined sclerosis.
Pernicious Ancemia.-The history of the description of nervous lesions in pernicious anaemia is interesting. Addison 1 did not describe lesions of the central nervous system in his original account of the disease. Biermer 3 described weakness, giddiness and palpitation, and found capillary hoemorrhages in the brain. In the early days subacute combined degeneration of the cord was confused with tabes. Dejerine 6 pointed out the loss of deep sensibility in subacute combined degeneration, and its relation to pernicious aneemia. He also described the symptoms as due to lesions of the long fibres in the columns of Goll and Burdach.
Woltmann 36 suggested that some of the nervous lesions might be the result of a peripheral neuritis. Hamilton and Nixon 16 carried out this idea still further, and believed that the remissions in the nervous symptoms might be due to the healing of the neuritis, and not to cord involvement. They based their conclusions largely on pathological data. Bramwell,15 on the other hand, stated that absence of lesions of the peripheral nerves was a feature of the disease.
Hamilton and Nixon 16 found that loss of vibration sense was the commonest sensory deficiency found in subacute degeneration of the cord, being commoner than loss of the sensations of position, touch, or superficial pain.
V'arious workers have estimated the percentage of lesions of the central nervous system in pernicious anaemia. Some estimates are as follows:-Bramwell 5 Here may be mentioned some conflicting views in the literature, Williamson 35 stating that there is no loss in cord tumours and heematomyelia, Epstein 9 stating that there often is. On purely anatomical grounds it is obvious that the site and extent of the lesion will be the deciding factor.
Intracranial Tumour.-An interesting but isolated case of increased intracranial pressure, probably due to a tumour, is presented. The site was not definitely diagnosed, but a suboccipital decompression gave much relief. The interest lies in the marked sensory acuity of the patient, the highest that I have yet tested, the readings being in some places too high to plot on the graph. In addition, the patient was markedly sensitive to pain of all kinds, intravenous injections causing him much discomfort. Further specula- Amyotrophic Lateral Sclerosis.-This disease, being purely a lesion of the motor neurones, should display no diminution of the sensation of vibration. In one of the illustrative cases (a) this was the case, but the other (b) presents an interesting problem. This patient had all the signs and symptoms of a pure upper motor neurone lesion, but absent vibratory sensation at the sacrum and anterior superior spines. Should this be sufficient to change the diagnosis ? In this case I believe not, as the individual was rather fat, jarring,' is probably felt in the thalamus, and the epicritic in the cortex. In h.emorrhage in the internal capsule there is said often to be a diminution, or feeling of distance, in the sensation. On the other hand, when the thalamus is irritated, or divorced from the cortex, the sensation is often extremely unpleasant, or even painful, and may be felt more strongly than in the sound limb. This applies to other sensations as well as vibration, such as tickling or pin-pricking, and was described by Roussy 28 under the name of ' syndrome thalamique. ' Of the two cases of hemiplegia presented ( fig. 20) , both aspects are involved. In case (a) the sensation in the paresed limb was felt as long as in the normal limb, in spite of the fact that the patient averred that the sensation was much weaker on the paralysed side. The other patient (b) showed clearly the 'syndrome thalamique,' as when the fork was applied to the external malleolus of the affected side he cried out with discomfort, and attempted to withdraw his foot. The sensation was felt there much longer than in the normal limb.
DISCUSSION
The sensation of vibration is the most delicate known test of the integrity of the posterior columns of the cord. The great advantage of testing according to Symns' technique, which is rarely carried out, is that a quantitative result is obtained, thereby providing an indication of small changes, and giving a graph, which can be compared with the results of testing the patient at some future date.
The sensation of vibration is definitely related to that of deep pressure and passive movement, and the sensation, especially at the sacrum, shows a correlation with the presence or absence of Rombergism. To a less extent the sensation can be felt in the skin, like the sensation of touch, and this small component of the sensation can be abolished by local anaesthesia.
The fork is conveniently applied to some bony prominence, as thereby the bone is made to vibrate and transmit the impulse through the soft tissues. Disease or fracture of bones has little effect on the duration of the sensation, and probably only a small part of the sensation, if any, is felt in the bony tissues themselves. The sensation is perceived in the cerebrum-a protopathic element in the thalamus, and an epicritic in the cortex.
With practice, in a normal individual, the acuity of the perception can be considerably increased, and is found to be so increased in healthy blind individuals. The sensation is diminished by fatigue, of which there are two forms-extrinsic fatigue, due to tiring of the organism as a whole, and intrinsic fatigue, due to overstimulation of the sensation of vibration itself.
It is the neglect of this latter factor that is the chief error in testing by Symns' method, and a simple way of overcoming this has been devised.
It has been frequently stated in the literature that diminution of the sensation at the sacrum denotes a lesion of the cord, whereas diminution at the limbs and a normal sensation at the sacrum mean a peripheral neuritis. With the latter assertion I have no dispute, but it is impossible to accept the view that absence of the sensation at the sacrum necessarily means a cord lesion. Were it so five of my cases of diabetes would have pure cord lesions, and only two pure peripheral neuritis; three out of five cases of microcytic aneemia would have cord involvement, whereas only one had suggestive signs and symptoms; and a case of syphilitic aortic disease, with no signs of symptoms of nervous lesions, and a perfectly normal cerebrospinal fluid, would also be diagnosed as such. Nevertheless, absence of sensation of vibration at the sacrum is suggestive, and should lead to further investigation. It should not be forgotten that the presence of a large sacral pad of fat is an element in reducing sacral acuity.
Probably the greatest help which the tuningfork gives is in the diagnosis of pure motor lesions, such as acute anterior poliomyelitis, amyotrophic lateral sclerosis, progressive muscular atrophy, and their differentiation from combined lesions, such as multiple neuritis, transverse myelitis, disseminated sclerosis and subacute combined degeneration of the cord. But note must be taken of the diminution of the acuity with age. 
